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PROCESS mAmuzm^Jmrn-ic immiAm. 

3S-agJMCE.flf)HE6.rOM 8 ETW«BW tl H OTaT. Ian " 

A process for enhancing adhHuirm betv»8on a 
raetaz flftd a polyt.it.rio sob^trato utilising ^ »^t«lllc 
xamiaycr. In the p..,rss«, ^ poiyt„arl. sah.tcato 1^ 
e»q?08ed to B plasma at the Bubetrate surf^,ce. fbo 
i>rte5ur« i8 tbTO loweved. and a first metal is 
vaporlzad, thereby coating tho .ub.tr.t^. While the 
first ««tai is vapaa^irxg, a SQljond mrtal ir, vapcri^pfl 
«na cod9po«itB upon th.. first mtol ao^^ substrate 
After « prodctor«ln.N£ ti™., the fUst cnetai vasodilation 
as topped, v,hilo chs sracaad ^etal co^tltm^s to vaporize 
and deposit ivpoa tho substrate. 
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kih^t IB el^liti^d is: 

1. A ptoO&«8 romprisinij: 

depooittng a first cn^ital coatin^f onto t poiymcfcic 

c{>ifepDi;itin^ e 8&coa€t nnotal sr^id first MObdl 
5 coACLnq onto said flrsb wetal coated siibstcate; Fia<5. 

iiepDS3itang s^id tjecoiid motAi Oata ijaid ficftb and 
SdCaiid met a I coated Bub^tV'tlte. 

2. ThQ ^rocesis as clfiltned In oldljn 1 wherein greater 
than 59t dI said second nietal ooaClng adhE*r«!t to said 
substrat:{> who a the second mf^taL coating is srfihjectcd ti> 
a tapef peel test. 

3. The process as claimed in olaim l vhotoin said 
polymeric substrato Is selQistgd from the group 
consisting of polycarlx^nato and nyloil. 

4- The proc:ese as claimcxi in cJaim i wixerein jsald 
polymQtic 5ubst/:<£ti? Iq pQlycerbonatc. 

!S. The process as clftjlm^d In claim 1 wherein said 
polyiTidriti substrate is nylon. 

6. Tho pcocoss &s oialcned in c^dLi^ I wh<>£din 3aid first 
xoetai is obifonuum. 
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7. Wis process as cloimod in claim l wherein said firsr 
"let^l iis A,lumiiivin 

8. The procoss as cUimd In clsijii i whsrisin gjiid 
seconi} metal iij silver. 

9. The pcocess as olftmc-d in claicn i vbotelti sai^ 
poiy^erin eub»tr.t.? exposed to a glo« dJschargp 
having an enOrC,y suffloJent to yield a pU5-,»a Ot tbs 
substroto surUce, prtoc to ^ioposltiho s^ld first mofal. 

10. The ptocfiss as claimed in r.Xui,^ x ^Jhoirein uald 
farat and second met«U are dopositod hy vacuum 
evaporation at a pri^saure of about ) K lo"* nOjar. 

11. A prcieess conijpcislng.' 

depoBitiag a rluromimn coating onto s poJyuarbanate 
substratp; 

codoposlting a silver and chramium coating onto u-^ii 
5 cbrotiinm coatfrd svbstiate; unS 

d.p..itlng said silver ozrto said cbromut, w.d sliver 

<20Bte<3 substrate, 

12. TK« pr.c'0.-« as; claii..ad ia clai» U ^herein greater 
than ?5i% of said siivee eoDtlag adhacQc to said 
»uhBtrate ^i,^ «« silver cati.^ U eubjoctod to a tape 
pool tsst. ■ * 

liT. ThB process fts daii^ati In claiK. ii K*evein seld 
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polyc«irbojiut& substrata 13 exposoc) Lo ^ glow^ ^j^isohari^e 
hAving m energy sufficient to yielrj placjo^ zt± r.ho 
; substrate e^rface, prior to deposit ixig said chromlurn. 

Tho procosii 4& cIaiK«id in c:l<>\m 11 wberolii B^id 
chcomiiini and «aid silvei: Ace dcposlLGd bjr vrscitodi 
evBpor&tlun at ^ prci'juura of about I X lO*"^ mtoac. 

15, An artialff oomptiging a polyjii9ilc5 subRti^to, a 

si Ivor iaysr on t'ald poiyret^v^ic! ^xibctrcito and a inetcilliu 
interl.Ayer betwocK isaid stiver LjiykJr and said poiyinfeiic 
Bubatrate? vhere^TV cald metallic InterlayeH: conipriseB ^ 
5 cbroiuiuui lay9r <jd}iartid to said 5ub5trafc6, and a chiron'iiujii 
and t;\livci: codeposltod layof bat^i^een aaid chromium l^yt^v 
and said gilv^ec layei:? AOd «hei:<Jln tfaid isubsstraco In 
sol&cted from tht^ ^Troup oouststtug of polycacboi^ato aud 
10 ixyloxi. 

16. ThG £rl'ivdr coateci pglycnecLC subistratQ a^ cjLainvcd Ia 
ciAini 15 wbei'oin siiild chrDjiiiom and eilvec Godopositf?d 
layer conipriRee betvRPa dbouL 2t to aDoiit chromtiim. 
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A POLYXEKIC ^QlJgTKyi'E 
: fI qM of the ruvgotiuo 

rhd present lltVOntiOiY is c3ir&ct«?d to an ic«pvovod 
procoss foe enhancing adbeslon botveon a niet«l ?ma a 
5 polymeric substrate. 

Des<MUT>tiQU of, t^e Vviov Art 

Plastics havE> replaced moire tiradAUlOKiftl matarial?^ 
Buch as glass, in ih&ny appiicat.lpng for a variety of 

LO roiisops includinq bettei:. strength r Ztqhtsr vaight, «nd 
luvE^T cost. One siich applictitioTi is in snot:&Ill£&<itiDii 
proc:6s5ds, wharein plat'tiuK are pr^?fRrr5<3 tO glass aft a 
su3ostia<:& mateciKl. Wct«;iii20d pliistifis are commoply 
^9 reflector &i prijnarily in autoimotWD hoadiamps^ 

15 A Vdf iQty of polyinoric subsitrat^K, including 

polycarbonAtP and nyLon, axe comonly used in thf? 
pcodUL^tioii of Llghtirjc( rofJdCti>rs. Although sevorai 
CTetalB have J>een appJiHcJ to tbiesc plastics, aluininvm is 
currently used in all automotive ^eadlsmp roflQfltors. 
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.^P..M ro a glo-v discharge. Thi. di«ch.>-gc o^Mi.l 

«.len.l.« ..on. the .urf.oo, c.o.....inKing t.. 
.urfaco, .nd provxdn.y oxygen- cor^t^inin^ functional 

rLT 'ZZT ? ^'^^^^''--'^ ^^^^^^^ ---ua, .in 

o«Co the .orfae. of ti.^ .ob.t,.-ato to . thiclcnep. of 
approKijn*i:e,iy 50O-I.000 aagstcoms. 

Freshly prep^ired aliflnimim SU:fani*» havP « 

IZ'. " * -"activity 

e.-P snvor, on. of th. l>.3t-kn.„n r^fa^ctoxs of 
veabl. light, vhlcU ha. a reilectt^ity ^p^roarh^pa 

Additionaliy, ellvev is r.flectivo th.« 

^ImxT^vm in fhe uJtr.vioi^t. rot example, at 320 

coflGcts 92* Ehia uclc Of roflectivity in the 
ultrairxoiot may be potentially useful in prevenitim, 

-^.uve^, howevoc, h4B .evi-ral di-awhuc(c,. relative to 



92-3-307 



http^patentslJc.gcxa/cache/^ 



3/21/2006 



for; f.Ulnili\Uaj Icj the t^xist.ing prooQfiS ot' vacuum 
evapoiacioo/ tKu <iclbf>fiioa of the Rilvec to thQ swcfciC'C 
5 of thQ subatratH is not arloquato . lo many r;i«;ei; the 

ininiAl odhetiloR is: ineuf eicicnt, and afLoi BxpoRuve, <sq 
in several speoifii? ??nviroiundnt.B t t:«Rt.5r afjbeyJ.O?i 

In ouLumutlvQ appllcatiQnb' th&s<& tQiati> vtlQ at thrives 
ID ty^9' 'JPhe ^Irsu tocft is iisirawcRion i.n w&ioi: At un 

elovateii bti-jupn^rature, foic osraaiple, 96 hoia-B in do ionized 
x&ter. rit 5*0"^'; tho SDCoiid tent is oxposufo to a f»hH 
spray el»?vc\t<;d teropocnhai^i, for eKcaupJ-c?, 4e houtR in 
SdCl «tt 100 'Ff the third tost is dxpasiicR to humid 
15 air, (ok eKiicupld, 120 hours in Sip^ rolaLlvo humidity tt 

Oni* potential nieti^od Lc> orjhiince adhestioa hotvdidn 
silver &nd d polyfti&riu suJ>8trcito uU.VLlEoa iiietaHic 
in+Eclay*»r«, which adhere voil to both BTlvof and the 
20 siibfetrdte. A metal which is ktioftyjci to bond wolL to both 
silver u.nd plduti^'s is chiootxuni. For chrDRiiuRi to bo 

eff*>ctivi? as »n interlayecr however^ pT/esiurofi 5$ low 

*7 -6 
iXlD tdlXlO are CQquiceri dvci.ng tho 

vapor dopositlou proceBt? to proven t th^ rhrnmiuni ^virface 

2S frora oKlfJif.ing before thQ silver cat^ bf? dQposjiti^d, 

Large srcaid miJtcjl dE?po??ition «yBt&jn&, U8«?i5 lv\ tho 

pirodiiction ot automotive h^^idii^inps , typical Ly vse 

significantly hiqhijr prct;^.^ure& of up to 1 K l(l~^ 

nd>3r. . ppoT.Rtiiig cosfce therefovp would increase 

3D signifioantly if the lovor ptesKures, ccc[Uifed in a 
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*^«t.wecn rootau and s poiymoric 
e.h«nc. ao-hosion Mtv.c» , poay..nc ' 

J^Mroiaty of..lli.9.j,)iyoMUQxi 

enhance .Ube^ion between * ^.n^^^ * '^'^ 

Il» th, process, a p„ly,„.ac nubSUaU iB .^O'Od to 

ts a first mt^l coatiog oiua ih. .^b^trato a 

r ::r :r ^^^^^^ 

pces.uio Is tl>eo pumpeii rk«B to about: i x lO"* n,>,, 

^ , 
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rhrDmiuin roAto<1 Uiogffi.on lOd. After a prerietcrinln^d 
period oC r.iine, silver dp-porji tVjri la then etart^rj from a 
?;ilvoc f!iH»d molylxJ^inUM bo->t. After a prodotOrjnicM?*^ 
period ol ccirtepot:ition. the chrortil.ujii ftVu£>oc<itLon ib' 
.'i atoppod, v?hiie i:h<> silvi^i: evaporalior) conLliiife!? toe u 
pi-odeteccniocd poriDd of timo. After tht? depoGltlDcj 
pieiOOa^ Ifi L:tiinpli?t.firj, tfi:H.it.(?K ChdU Of 'chy silver 

adbev€5 to Llrio poiyudJ:buji«3t(> s^ubstrtcCe during a 
t9pfi-p<?RX test, pei:fo?;hicd oft&r ^x^^oFure to thn 

OthQC objects and fdsL^ureft of thn pre&e2)t Invi^ntioa 
will becowe appax'cnl; Ki'om iha foJlovirK;^ detailed 
dtd&vurlpt ion^ 

li> D <>t.ai ^ j^rt Uegcri.pti op o !L_thp . I nv sat i otj 

Tho presozit indention provides a proCGJiS for 
Enhancing a^hesiou between a mot ill and a polymetclc 
subsLtate utiLizinq ?i cnetaUlc intQrlayai: relatively 

20 high prostiuiti'^. 

A polynveric substrato is placed inro e reaction 
ch&Jtiber uud 6Kp:>se(^ to a 5 low ditjchargo having euef;gy 
5iif£ici03Vt to yield a pJii&ma at the substrate surfAcf?. 
The pressure in the oharabot is dEJcrejaBRd, aijd a first 

23 metal is vaporized- The pi ^s?aa-t routed palymecic 
substrate is thou ftxposed to tii^ fUst metal vai?or, 
which deposits a JO€tal coatii^g on th^i anbstcate. A 
secoad motal its then vaporized t^^ith the flt'St mi^tal andr 
tD^^thk>r, bath met a Is are oodopo sited upon the f.irzl 

30 metal coal;<9d sabstibte. 'J^jb f^cst nictai vaporization is 
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..»?cona (Tiotal continue'*: i-n 
veroi:,z« aixl dot>0:at upon the Cir^^ . . 

co.«a ....... u„.„ VI 

1JTic,Ui., varloo. polyaiecB are osod li, thi, 
. application, in.,hKiing polycarb^txatc and nyi«r. >r„«^ 

subosroic du9 tTD it. light weiQbc . ."•'.^'^''^^"o 

pcoces., of eh& present iiwanUan 
pLoduc« a vracioLy of «,otaiiiz.d pvcduois 

once molded into the aoslred shape thn i 

glow diaohai-go havluj en enercrv SUffl.-T. 
brought .bo.t V th. u,. « f.e«,..aTsuoT ' 

through . con ..rrouudlng th« cha„*,,. or bIt!lT 
oK.o.n.l ^loot^ocK.. attache, to t.. oh^ 

oxidx.. th^ eub«r,te surface, TTOio*llv ! 
- oxyge. „itto... or .ir, ..y S ^^^'^u nte 

excited mc^leovilos „n tbs Bub«troto ZT 

M»....o. by ci..„i„, ...,.T:::;x:^:,rz^ 
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The pK^Ui^Ui iiitiy ^^ituz natively be iociae<i frooi u corona 
diijrharq*?. A corona rlvJcU&rgo may ocDur at any prasfcure 
and in all types of gas^!?. This rJlachat^O ii> phyp,\en U.y 
Dirnnlf'i: to ^ 9lov.» ciischacg^ in a highly non-iinif oirin 
5 Qii^ctciL: fislcl. The electcio &norgy in <j coloha 

i3ifechar<30 is cnnvected chiefly into ho&t in th9 gun 
within the chmbec^ 

M'ter thi^ palymt^ric Rgb^tiCBte is oxpo£:;&d I'o the 
pLasmr. trcntiriouL, th© preiiHur© in tht* cfianil>eT is lo«/erh;d 

10 to about 1 X 10*"* oO&ar. in ehQ low ptosaurf? 

atcno&phdLt^, a first metal i9 ev&poK&Uodr ond is^ 
sub&Cijuently dei>osl:t©ii oi^ tha Burface of the substrata. 
The firftt cnet<iX used in thQ process t>£ the pretsent 
invention acts a metallic labor lay t)f b&tv^en thi? 

IS polymaric aubiitcata ^iud a second metf^l. 'I'he first m^^tal. 
therefore m^t ftdhc^re voll to both the plairtii? subsbrat^ 
and the L^cond m^tal . Ixi the productii^ji] of awtamotive 
hoadl&mp rcfldutora zaflectivity i.s Important feature 
to be con? i dared when choosing the second metal . 

20 Possible metdlR inclucJe <inpper r alujniDUni, gold, ^nd 

silver. 0£ theaOr silver, when freshly depositiJd, ia 
th« h^sj^ reflector of visible light Xno'^n, and is the 
mast ptoforriid second m^tal . Tho fir^t iiiQtal, 
thotofoL'0, musit adhet^ veil to both tbo polymorlc 

21} 3ub3t5rate and silver, Sovetaj metal 5 vhich adhet'Q veil 
to vat:5aus polymeric 9ub9trates as veil ae othcsr nieto]s 
iiwludo litai^iiiTfir nickel, pall^^^ium, ftUimimuHr ^nd 
chrnniiuro. Of these* ohroJRiura i& kliOwn to bgnd well tro 
plBSCics and to tornn strung bonds with silvct', and in 

ID therefore the moRt prefeirarod fit'st metal (metawHic 
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V,poc.. Typi.,ny. . ,cHd hulU.r i 

vai-srizod, and which wlii 

.'.ng ino prooosa. These i^uzbcUu Ptefcrabfv 

r:f.J:;i\:;r::— ^^^^^^^^^^ 

" '"^''"^ " * ^^''•^^ holding the 

period o£ codopo.it loo of th. tw<, tho 
so«;»d <^^tal continues to depo.it upon Th^ 1 

» . P.~.d pe.od .e r ™ 
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tvo fildin<;ot:s aro &'Gr2)at'dtod by d cU vid^^c in the chamber 
Cq prpve?nt crMitarninati.on by trans for of p^ictlclsu fKom 
oiii) of Uiu Aifitals to rhi^ filnmnnt hoicking cho other 
metal . 

5 A quarts ccyeXBl njonitoc, positioned Dt th& RsniR 

cljBtbxicD fro^n the vapocirin*? tntftals aE> the snhstl'Ate, is 
used to dflttjrjTkine the tvai\sf:'er robes of tbti vaporising 
rnetBlR. By arijustrlj]^ the voltage (ipplied to Cbo 
f i'J-£i2iiQiit3 liny ddairtJd ddpoeitioa rates? iDAy he ACh>OVG;d . 

10 ThQ <ju6rca ctyGtftl monitor is also us^d to determine Ui& 
tot^^l amotint, or thicfcneog, of tlve TOOtcilG dopOfilted an 
th^ sobstrat€?. Ill £i pu9.£(icr^d eni)?of5iffletvt of the prcsout 
proco&t;, chroauiuii is dc^joslbod on th<i pDlyini>ric 
BuhRtratG et a rate of l)etv?een AbouV: L to about 10 
iingfitroKts por £;ciDond to £■ tofcDl thicXnRRs of bi^tw^en 
about 100 to ftboui: 150 ajigaLronri . Wore prj^ferably* 
chromiiiro ip d^ippuUed at Rbout 1 to about 5 aftgstromR 
por &dCond; most prdf drably^ about 3 angBtrom^ per 
seoond &ce depositees to a uhlcknotss of about 150 

20 <xpgstroiU5- Silver deposit ion profori^bly occurs at a 
rate of betwaeth about 20 to aboi>t ^0 aixgctvonis por 
sooond? most preferably botwo-en iibout 30 to abr>ux 4a 
augBtrocng &econ.d. The cofribiued thickn045& of tbis 
codepofiited sxlvec and chrcmium mixture is botvod^n about 

25 10^? to about 200 ai>gstroa^s. Tho mixture tyrpir^illy 
CTomprisQs hetw6»Hn about 2% to about 33% Of chroniiiifii. 
PtofOL'ably, th&ro is b&tman about 1% to abo<.it 14% 
cbroniium in the codeposited layer; roo^it s^tefwrably, the 
lnyot compfiscs ljetw09ji about 7* to about 0% chromi\ifti. 

50 X'he codepotJition of clicomium silver is critical to 
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i-imitiag the soops of thr. ins^i^ncion. 



Jh. acm«,.o. Of .liver to a polrc.rbouat. .„bsuut. 

evaporation pcocei:.. The axporWtal result. J 
J>rosented in Table l. 

th. e^o„. ^^^^^^^ ^^^^^^^ t o 

.no water, a.a th.n dried prior h.^tinc,; l-.; 
tMcc, .n^pu. ,,,, 3i.iu.iy ..eano., a./..b1 , , 

viz 

Wado into . X ^nt.meter s«ui« ,rid. ^ f^^, 
vith th^ tape. The petc*ata<je ia,iice.ta^ J„ failed 
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pratnntfl adhesion b«^tii^6E?A silver and a pQlymcrio 
BuhstratOr at tii9 rQlAtivoiy high vacuum £ivapaTQ.tion 
Dp^rAtinq presjqureg Qf thu pirpgijrit involution of about i 
X JD~^ inbac. After e few EiL«cundE of cod«;]309it\Dn thd 
5 chrotfilum ovApuration la bgrjiiiiiated^ and th& eilvec 
continue? rl&|)Ofntifig upon rhe substrate to <i Lotal 
fchickiiSSs uf be-tv&ao nboilL 500 to about aOOO angrtCiifflb'. 
GenGraLl/r Q l:hiuknos& oF. at- iBn^t 50Q angKiroroii xr, 
required to avot^ trarigp<irfsncy, and provldo 

10 ccsf lectivity? gind, while coatinci thicknesses may be 

qrofltot Chan looo angstroms r the lovol of BtrdBfi at tho 
surface increases vith caat'mg thlcknc^'s, arid crrackB may 
occur in the coatinc/ surface. 

rho deposition rate of si Ivor i& ijfreatet than the 

13 rats Jfov chvouium Co veduoe OKld^bion boforo tb» nilver. 
ciin b$ depQBited. Silver dpps not adhere as; well to 
oxidized chroftUuni aii It dooe to caetallic cbcoinl\ini« 
Chromium I an oxygen getter metals will becojrtB oxidised 
more quickly ait the relatively high pressuroc of about X 

20 X LO"^ itibiit iiBGd in thd present procpHn. 

ythen the (fuartr/ crystal cnoulbor doterMineE that the 
deoized inHt.al thicltneBB&fl are achieved, the dopoeltlon 
ptocdtfiiecr of each metiii may be e topped by either 
blocking the path of the metal vapor to the aubatrate 

25 mE>.cbanically , nr by ahutting off the vol Cage Rpplied to 
tiio fl laibents balding the metals, or by burning oub 
(evaporating) a)! the metals. 

The present icivot^tloji vill be further l.HustraLed by 
the (olloving excunp^es which ar.e ini^cjidk^i) to be 

20 iiluBtrative in nature and are not to be CDUStrtied ae 
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Si'i^fir Adh&i>ioii 



1. 
2. 



Polycarbotmte 

Polyc<^rbon&t9 
(C learned choi^ • 



1.. 
'a. 

3. 



PoIyo^jirhDnat^' 

Pd ly c ai ho2i;it e 
(ci^ane^J than 

Air PlASTOa} 



In itial 
Pan (7aft> 

Fail (90i) 



initial 
AdhjfrBiou 

Pass 

PASS 



Walter 
Iiaii atsioij 
( leh, 25^C> 

Fail (80%) 

Fail (sn^) 

Fail (lOOS) 



After W^)Jt6r 
Fail (10D%> 



rh.lfi dxpericndnt ehQwe that vhoii fiilv^i^r Is 
substitutQcl for aluminum in e stftn^J^rd vacuum 
evaporation pi:ocei;5, adbosidn i© uot adoquate iciitiRliy 
and Ifi l9Ea adequate^ aftc;v vat:or iiftnersipn. It Ifi ali^Q 
uotejJ that aluroinum adbetian pcomocod Ly utilisjiug 
the air plasma priov to tho va<ruiiAi ev5icu?itilOJi procBse;- 
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EjrampI^ II 



1.0 



IS 



to 



AS 



Cbromuui. wf.s chosou as tho motallio liitotJaj'Kr 

to «nhanca adhesion b«twe„ po:ycarbo««»,;e onrj silvs^r 

Th<> oxporln^atal results ace u ra&ie z " 

In the rolycovbonato-chi'o.aluin-snver Btructuce a 
nhromiw. Uy«,- having thicl^noss of. botwon I DO to 
about 300 ^x>9.tto,„. v/a. d«poslt<.s to , polyc-^rbonato 
svibstrete in a vacmun evaporation process. gi^y^ 
•l»yev oE about soo ai^gst^oms thickness was then 
dapOBit*! Jn « asoond racuuin .Evaporation pvooess. Tfte 
tyo aeposttioo processes wevc run ae varW prps^grrs 
w.tb .nd Without exposure to « brio^ air 
tho chra^.u,n deposition pcoce^^, to <5..t^r»i„o tho ™ost 
e£foct.vo prossuros for tho dopo.ltlo. p.oc,.,,p,5 «s .-oli 

5. to clut.rn,i.n. if tb,.« i, advantago to sppayi„a a 

pU«ha to th. surface of the y^.y^Ho st,b.trato. 

Tho adbOSioa oS tho ,aiVOi: Jayoc vaa testPd 

initially s£tec th& vaouwn evaporation ptoooss a 
TapG>. 3K corporation, St. Paul, i« ^p^j-^^ 

Mad^ ibto a J contimotor .^aro g.ia, a,«i then i>oola<I 
up. less than of the silvor peoJti of£ the chro^ix^ 
layer v.th the tape. l«he percentage iMioatM in f^ii.fl 
samples Is tut iwtion of tbo tslAvor that pe-i, u„ 
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3 Wo 

4 }?0 

6 Mo 

7 yer. 

8 ros 

9 Yds 
10 VeE» 



5x1 D-'^ 



Chrocnixim 

\nQ 

100 
160 
J.20 
150 
150 
lOO 

120 



Adhesion 

Fail, loot 

Pall, 
20-lO(lt 

F5ili, 10ft 

PASS 

PASS 

Fallr 

P<ail, loot 

20-100% 
Fail, 2 -Si 



Tt>ie eKpEsi'^Tnent illusttraces that chromiuio raey 
us&d a» effective ^dh^sion promotirjc; interlfiyor , 
Kovever, chromiurn Is oi^ly effectivo whdti it U otepositod 
at relatively lov preasuce^ of betwen 5 X 1D~^ to I 
X 10~^ inbtxr (samples 5* 6 and 11). rjirnmivm oxidized 

mort? <iuickly at the cclfii^ivoly hiqh i^fossuree of u<»caplos 
1-4 *ncl 7-10, which ixbhibi\;p4 g^1ve!3f ^x<5hesion. 

The appllodtlon of a plasma to the surface of tho 
polymeric Balwtr*te prior to cie^po^Jltiwg the chiomium 
l^yer did not app<jair to siijnlf loatitiy effRct Bilvec 
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10 



^mole III 

Th«> ujje of a chrociiji^ intcKiaytPc to en*i<inc& £i<$hDston 
boLvoQh silver and 9 polycurbonate substfiste jit 
TBiatively high proi>bUr«& ofi about 1 X Su"* rttbar wa-s 
oxonnindd. 

A polycEirbDnarn she(?l: was vaRh^d in «oap and water, 
followed by a tinsUi<i in deioniii&LJ vatec. Tha Gh^pu 
thoji plarerl in a rea^ibaon chambor, atid the ch^yiibet vas 
pn<npod d&wn to ahowt X X 10"^ nih;ii:. Air ^rb th&n 
leBkLPd iiiLo the chamber to ««t up a dyi4inlc prejj^ure o£ 
1 X 10 rabar. Djroitiiuin was thoo d&po&ited by VDcuvm 
15 eviiporacioD. frciM a chcoraiufn coated tua<jfft&n vod, at 

about ;J angsltOiUfi j>6r second to a Thicitnes& of about 150 
an^rstcama . isiV/cr doposition by vacuum evflpofation w&g 
th^ii startori, froiR a 5!i).vcr filled molybUQnuin boot, at. 
abg^it 34 aag&trome p*^r second. After about 5 sPconds of 
cDd€?pDBition the ohrorniiira ev^^por ation wcif; tofmlnar.ed, ae 
the silver cantinued to depoeit until a tot 7.1 thieJcn^gs 
of &S0 aa^strrxms vas reaQhed (apprDximatoly ISO 
arigstr^aig of pure chrDinlun.. 165 arigstromi? of mlx&d 
silver And chromiinr^. and about Sl.5 atKJStroms of purft 
2S silver). 

Duriji^ thi^ deposit Ion the pressure dropped slightly 
dg«? to the gottaring aotlon i>f the freshly depo-^itlon 
chromium, vith the pressure irennalnljiij appr ox Irately 
between 5 - B X 10 5 mbov throughout the pzace^^. 
The scimple was then removed fran. the ohartvbPi: and 



2D 



30 
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scorQ*} with u cazot bid<i« into a 1 conf.lmf.'t&r sqxiato 
gr^(S. Adhofiive uapo waj i^ppJ Led try han4 tim;] i^oaled up. 
tHonff of. thH n>f>t.aV costing released froufl tho plJDSClc 
subiitrut9. A second sh&et.r cDar.efl to a GlmJlar mannoc, 
5 wnG eKpoS€<S to valoc at 90 "F for 9« houi;5, drlsd and 
tested foi: adhR»ion in the sftme Oiaorioi. . In this Co«t 
30% of the &Llv&r cuaLlnct x<i>l€!a»ed fircia the pJastic 
substiratio. 

ticecnpie I (if was repeated IdonticaiJy exq^jpt chat the 
puly<:arbunatti shdet vas exposed tQ c^i) <xir pl<^&mH for 60 
s^c-onds at 0.4 robar ot tho high settinc; of t\ nacricK 

IS Mndei PDC-2J3U plasma c?,eauer prior to lii«E?rfcion into the 
rdactiorj chamber. On remo^r^l (rom tho cbaiab^f, the 
saroplQ vsG scoKod and tOisted vith tap?? Exainple 
IIK Spoe Qt the wetal coating r©loaa£id fcDiR the 
plftfitli; sub^trati^. A srecond sheet costGd in a sicnilar 

^0 maunerr w^i^ axpo^sod to wat^r at 90^F fgt 96 hours, driud 
&nd tested for e^dhes^on in the sax<iQ ttianncsr. .Tn this 
tfiat non« of thd raetal coating released fr^m thB plaetic 
sub&trati>, Tbls axaiople demonstrates the uscf ulneas of 
an air plaeraa tL'e^tmeat on the substrate price to 

25 ddi>Oi>ltioji of tbd (Chromium and F^iXve^i'. 

Sscanvple y 

A polycarbonate sheet vas vashod in eoap and w^ter^ 
3li foUowGd by a tin^siii^ in d^iociijsed water. Tho sheet wa& 
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15 



20 



25 



30 



pU.«d aoto a r«.ctioo Chamber .nd t;h. ch.r.bcf va. 
^ dow„ to I X 10-^...., ...,3 ,,,Jrinto 

ei.o c*.„*c.. to ... up « ay.«„ic 1x1-* 
'nb.-r. chr<,mv«, v,a, then .l^^nited by vacuum 

^bou. 3 *nga..«„. ,or second to a thiok«o«. .50 

to a total t«c.n.„ oos a.,.u:;r " '"'^ 

an9.U-o.« Of puro .liver). Puyi^g .bl. depa.itipn 

t-JiE. f rashly depoe.ted chromluia, vith th* preesiu-e 
ramale^ing approi^lmatoly botwoen 7 - 10 x lo'S 
throughout the pvocess. 

Th^ BampU. v^. th^n re™,ved from the chamber a«d 
scored «.cb a ra.or into . . e.„u.. J^at 

up. AU Of th. silver coating r^leaeedl from Cho 
.hro«.l« coated Plastic .ub.crat.. tm. 
aemoastrate, th,t «^ cod.pp.itioa p.c«=ess 1. critical 



- i.a - 



rlfianer j>j:ior to jOGOt'tlon into a rHacrJon cUairtber. 0\\ 
jtQiiiaval frQjR thi^ chr>mber the ^'Oivplo v/as i^corad and 
tf?steid with tapo aff In -Exampii? V. All of tho fiilvf*r* 

& ThLs Q;iRmpit? further dRinonsCirates ChaL fcbo cod^poaition 
process is criticBl Lo pcotnofcQ adh^'gion betvceri aiLv^j: 
&cid iL polymeric substrate. 

Aithoiigii particular p,nibQd"iroent5 of the Inveatioo 
h&vo beon do^csriiDod In deteiL for ofi 
10 il lustration, VAuioi>f3 nwdif iC!^i*t ions; iitciy bd mar/e without; 
d9parting fLoni th<? apir.it and ncopo of tho Invt^.ntion. 
Accordlnoly, tliQ liwdiition^ is not to be limited except 
B3 by the appended clRi?ns. 
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